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INTRODUCTION 



Many of the prime recreational lake-front properties are now tied 
up with existing cottage development. Hence, recent recreational 
developments are frequently "back-lot" developments , with only a 
portion of the development bordering directly on the lake. In 
these back-lot developments, it is becoming popular to provide 
boating access to the lake from each cottage lot via a system of 
boating canals . 

Over the years, questions have arisen as to the water quality and 
the water-quality problems that could be anticipated in a system of 
boating canals. The possible need for management of these canal 
waters (e.g. forced water circulation, chemical treatments, herb- 
icide treatments) has also come under question. Also, if the canal 
waters did eventually require some sort of management or pollution 
abatement, whose responsibility would this be, and could there be 
an adverse impact of the management system on the adjacent lake 
waters (e.g. if enriched canal waters were forced into open lake)? 

The present study does not attempt to answer all of these ques- 
tions . It simply outlines the water quality and water-quality 
problems in a series of boating canals which have been in exis- 
tence for a few years. It is hoped that this report will provide a 
better understanding of the water quality that can be expected in 
boating canals. Such an understanding will assist both the private 
and public sectors to evaluate the desirability of these types of 
recreational developments . 

The study area was the "Lagoon City" recreational development 
located on the north-east shoreline of Lake Simcoe - Mara Town- 
ship , Simcoe County . Lagoon City is a staged development with 
the earliest stages being initiated in the late 1960's, and construc- 
tion continuing at present. The development is designed to pro- 
vide lots with both road and boat access . Boat access is achieved 
through a series of man-made canals which connect to Lake Simcoe. 

The lagoon City canal waters are believed to be reasonably similar 
to canal waters in other such developments . It should be kept in 
mind, however, that each particular development has its own part- 
icular environmental characteristics. Hence some caution is neces- 
sary in relating the results of this study to other such proposals . 

It should be noted that the Lagoon City development is communally 
serviced with respect to water and sewage. 
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STUDY OUTLINE 

The 1978 study consisted of eight sampling trips, extending from 
March 14, 1978 to September 14, 1978. The March 14 visit pro- 
vided the opportunity to evaluate water quality in the latter part 
of the ice-covered period. The seven visits during the ice-free 
period were made about every three weeks . 

On each visit, eight locations were sampled (see Figure 1). One 
location was in Lake Simcoe, two were in the entrance to the 
Lagoon City Harbour, and five were randomly positioned through- 
out the canal system. 

At each sampling location, the following activities were carried out: 

1. vertical temperature profile (readings every meter) 

2. dissolved oxygen at 1 meter, except at station #1 where D.O. 
was measured at 1 m and 4 m 

3. secchi disc reading 

4. composite water samples (0-1 m at stations 2-8, 0-5 m at 
station 1) for chlorophyll analysis and chemical analysis. 
Chemical analysis (M.O.E. Rexdale Lab) consisted of free 
ammonia, Kjeldahl, nitrite, nitrate, total phosphorus, dis- 
solved reactive phosphorus, hardness, alkalinity, pH and 
conductivity . 

APPENDIX I provides a summary of the data collected. 

In addition to the 1978 survey detailed above, the study area was 
sampled on two dates during the winter of 1979 (January 26 and 
February 16). The .purpose of these visits was to try to verify 
the one and only set of data from the winter of 1978 (March 14) . 
The findings of the 1979 work are discussed in APPENDIX II. 

DISCUSSION OF DATA 

Figure 2 provides a graphical presentation of some of the main 
water-quality parameters . 

The "basic water chemistry", i.e. hardness, alkalinity, pH and 
conductivity, was generally quite similar between the Lake Simcoe 
station (#1) and the Lagoon City canal stations. Also, there were 
no major differences in these basic chemical parameters from the 
winter to the summer periods . 
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FIGURE 2: SUMMARY of SIX PARAMETERS at the EIGHT SAMPLING LOCATIONS 

(o -Stn.l in the open lake, • -One of the 7 locations in 
canal system) 



The "biological enrichment" parameters (phosphorus and nitrogen 
components, chlorophyll a, secchi disc, dissolved oxygen) were, in 
general, substantially different between the Lake Simcoe station 
and the Lagoon City canal stations . Figure 2 illustrates that 
during the ice-free sampling period, Lake Simcoe waters had three 
to four times the clarity of the canal waters. Similarly, phos- 
phorus in the lake was generally one-half to one-third the level 
found in the canals, chlorophyll in the lake was a fraction of that 
found in the canals, and the level of Lake total nitrogen was 
roughly one-half of the level in the canal system (see Figure 2 and 
APPENDIX I). It is therefore apparent that the biological enrich- 
ment status of the canal waters is much greater than the enrich- 
ment status of Lake Simcoe. In terms of the critical nutrient 
phosphorus, the canal waters are comparable to highly enriched 
areas with nuisance levels of aquatic plants. 

It is also of interest to note (Figure 2 and APPENDIX I) that while 
the chemical quality of Lake Simcoe remains constant from summer 
to winter, the quality of the Lagoon City canals changes substan- 
tially from summer to winter. Due to the stagnancy and shallow- 
ness of the canals, and the organic nature of the canal sediments, 
decomposition processes under ice lead to negligible amounts of 
dissolved oxygen in some areas; on the March 14 sampling run, a 
dissolved oxygen level of 0.1 mg/1 was measured at two of the 
lagoon locations . This near- anaerobic state result in elevated 
concentrations of chemicals such as phosphorus and ammonia. Also, 
an odour of hydrogen sulfide in the water was detected on the 
March 14 run at four of the seven lagoon locations. Field measure- 
ments of the water at these four locations revealed KLS concentra- 
tions of 0.0, 0.3, 0.4 and 0.7 mg/1. 

Considering the low levels of dissolved oxygen in the canal system 
under late-winter ice, together with the evidence of hydrogen 
sulfide in some areas, it is apparent that the canal waters are, at 
best, only marginally suitable for fish and other aquatic animals. 



VISUAL ASSESSMENT OF CANAL WATERS 



Visual assessments of the study area revealed that the lagoon 
waters were distinctly more turbid than Lake Simcoe proper. 
However, there was no evidence of any severe biological problems 
relating to the high enrichment status of the canal waters. No 
algae scums were noted, and no problematic weed beds were ob- 
served. 



GENERAL DISCUSSION 



Not unexpectedly, the waters in the Lagoon City canal system are 
characterised by a high level of biological enrichment. Nutrient 
levels (nitrogen and phosphorus) are high, the level of algae in 
the water is elevated, water clarity is low, the waters are turbid, 
and winter oxygen levels reach low levels . These 1 characteristics 
of high biological enrichment have not had a major impact on the 
recreational use and aesthetics of the canal system . 

It is difficult to predict the problems that may materialize in the 
canal system after the canal waters and ecology have had greater 
time to "age" . One item of considerable interest is the present low 
density of rooted aquatic weeds in the canal system. Possible 
reasons for the lack of weed growth include: 

a. turbidity minimizing the light available for weed growth, 

b. lack of time for a weed population to become established, 

c. boat traffic disturbing bottom sediments, and 

d. adverse chemical environment during the late-winter period. 

If the lack of weed growth relates largely to the fact that there 
has been limited time for weed populations to become established, 
problematic weed beds can be anticipated in the future. Certainly 
the enrichment status of the canal waters is favourable to dense 
weed growth. 

Regarding algal growth, it is similarly possible that substantial 
problems (e.g. algal scums) could develop in the future which 
would depreciate aesthetic conditions . 

The fact that areas of the canal waters become unsuitable for fish 
during the late-winter stagnation period does not appear to result 
in major aesthetic or use problems . 

Relating the findings of the present study to similar proposed 
undertakings in similar environments, it is apparent that any 
forced canal water flushing system using higher quality lake waters 
would result in a higher nutrient load to the adjoining lake. 
Hence, forced-water exchange could be considered a nutrient load 
to the adjacent lake, with the related implications (e.g. increased 
algae growth). 



In conclusion, the following points can be made: 



1 . as the Lagoon City study revealed that the water quality of 
the canal waters was poor relative to Lake Simcoe, it can be 
assumed that canal quality in other such developments would 
also be of considerably lower quality than the adjacent lake. 

2. in the present study, no severe aesthetic-use problems could 
be related to the enriched nature of the canal waters. 

3. it is possible that water resource problems (e.g. weed and 
algae problems) will materialize as the canal system ages. 

4. any management of a canal system for improving its quality 
would have to be designed recognizing its impact on the ad- 
joining lake. 



DMV:mn/V-R#l 



APPENDIX I 
SAMPLING LOCATIONS 
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DEPTH (M) 5-6 2.1 1.8 2.0 2.0 1.6 2.1 2.0 

TEMPERATURE (°C) (c) 6.8-22.0 8.3-22.6 7.8-22.8 10.2-23.7 10.7-24.0 11.0-24.2 11.0-24.0 11.0-24.0 



DISSOLVED OXYGEN(mg/l)(a) 13.8 8.6 1.6 0.4 1.0 0.1 0.1 1.8 

(c) 7.1-11.4 7.1-10.0 6.3-10.2 5.9-10.0 4.1-10.0 5.5-10.0 4.4-10.0 5.9-10.0 

SECCHI DISC (M) (b) 4.2 1.6 1.0 1.0 1.1 1.2 1.2 1.1 

(c) 2.2- 6.2 1.2- 2.1 0.7- 1.3 0.8- 1.1 0.9- 1.3 0.9- 1.5 1.0- 1.4 1.0- 1.3 

CHLOROPHYLL a (mg/m 3 ) (a) 2.2 1.0 4.3 1.1 0.3 2.4 2.4 1.2 

(b) 1.6 3.8 5.9 8.9 10.1 8.0 7.3 6.4 

(c) 0.6-2.8 1.9-5.3 4.0- 8.1 6.1-15.4 6.5-18.6 3.2-12.1 5.2- 9.4 4.6- 9.6 

FREE AMMONIA (mg/1 (a) .030 .160 .332 .690 .750 .840 .690 .525 
as N) 

(b) .015 .012 .017 .027 .021 .023 .015 .014 

(c).004-.030 .004-024 .006-026 .002-. 096 .004-. 058 .004-. 088 .002-. 056 .004-. 054 

(a) March 14 (b) Ice-free Average (c) Ice-free Range 
*L = less than 
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SAMPLING LOCATIONS 



TOTAL KJELDAHL(mg/l 

as N) 


(a) .38 

(b) .38 


.72 
.44 


1.17 
.61 


1.78 
.77 


1.75 
.86 


2.00 
.85 


1.70 
.81 


1.49 
.89 




(c).33-.51 


.36-. 51 


.54-. 65 


.58-. 91 


. 63- 1 . 00 


.63-1.23 


.61- .95 


.59-. 88 


NITRITE PLUS 


(a) .020 


.020 


.010 


.010 


.030 


.030 


.008 


.158 


NITRATE (mg/1 as N) 


(b) .007 


.007 


.007 


.007 


.007 


.007 


.007 


.007 




(c).006-.012 


.006-. 012 


.006-. 008 


.006-. 007 


. 006- . 007 


.006-. 008 


.006-. 007 


.006-. 008 


TOTAL PHOSPHORUS(mg/l)(a) .027 


.141 


.230 


.580 


.187 


.138 


.117 


.087 




(b) .015 


.022 


.038 


.047 


.050 


.045 


.039 


.037 




(c).009-.029 


.016-. 031 


.029-. 063 


. 030- . 066 


.033-. 067 


.033-. 060 


.026-. 049 


.027-. 043 


DISSOLVED REACTIVE 


(a) .004 


.044 


.082 


.290 


.089 


.110 


.070 


.031 


PHOSPHORUS (mg/1) 


(b) L.002 


.002 


L.002 


.002 


L.003 


.002 


L.002 


L.001 




(c)*L.001-.007 .001-. 006 


L.001-.005 


.001-. 004 


L.001-.010 


.001-. 004 


L.001-.003 


L.001-.002 



(a) March 14 (b) Ice-free Average (c) Ice-free Range 
*L - less than 
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HARDNESS (mg/1) 


(a) 


158 


189 


230 


275 


273 


244 


285 


244 


CACO 3 


(b) 


138 


141 


148 


155 


167 


158 


169 


165 


* 


(c) 


129-148 


132-156 


141-163 


142-173 


150-192 


144-173 


147-197 


142-9 


ALKALINITY (mg/1) 


(a) 


130 


165 


207 


260 


246 


214 


250 


211 


AS CACO„ 


(b) 


122 


125 


135 


142 


154 


145 


155 


149 




(c) 


116-128 


117-134 


129-143 


131-153 


142-172 


132-158 


138-174 


128-173 


pH AT LAB 


(a) 


7.99 


7.25 


6.97 


6.86 


6.98 


7.02 


7.11 


7.18 




(b) 


8.34 


8.31 


8.31 


8.29 


8.20 


8.45 


8.29 


8.05 




(c) 


8.22-8.41 


8.19-8.44 


8.10-8.44 


8.01-8.45 


7.93-8.38 


8.11-8.94 


8.00-8.53 


6.71-8.54 


CONDUCTIVITY(Umhos/CM)(a) 


336 


403 


484 


5.75 


600 


495 


610 


525 


, 


(b) 


311 


315 


330 


343 


368 


347 


373 


363 




(c) 


300.320 


300-330 


315-345 


315-360 


345-405 


315-370 


340-415 


325-410 



(a) March 14 (b) Ice-free Average (c) Ice-free Range 
*L = less than 



APPENDIX II 



On January 26, 1979, seven locations were sampled - station num- 
bers 5, 7 and 8, plus four very small tributaries entering the 
canal system. Data relating to this January 26 sampling is avail- 
able from the Ministry of Environment. In general, the results of 
the January 26 sampling run were similar to the March 14, 1978 
data. 

On February 16, 1979, a total of 13 locations in the study area 
were sampled for dissolved oxygen, with three of these 13 loca- 
tions also being sampled for chemical parameters . Again , these 
data are available from the Ministry and the analyses compare 
favourably with the data of March 14, 1978 and January 26, 1979. 



